Context: Rehabilitation adherence is accepted as a critical component for attaining optimal outcomes. Poor adherence is recognized as a problem in the athletic training setting. Measurement has been inconsistent, and no measure has been developed for athletic training settings. Objective: To identify indicators of sportinjury rehabilitation adherence relevant to athletic training and develop a Rehabilitation Adherence Measure for Athletic Training (RAdMAT) based on these indicators. Design: Mixed methods, 3 steps. Setting: College athletic training facility. Participants: Practicing certified athletic trainers (ATCs; n = 7) generated items, experts (n = 12) reviewed them, and practicing ATCs (n = 164) completed the RAdMAT for their most, average, and least adherent athlete. Main Outcome Measure: RAdMAT. Results: The RAdMAT is 16 items with 3 subscales. Subscales and total have good internal consistency and clearly discriminate among adherence levels. Conclusions: The RAdMAT is based on scholarly literature and clinical practice, making it particularly appropriate for use in athletic training clinical practice or for research purposes.
An estimated 380,000 student-athletes participate in the National Collegiate Athletic Association (NCAA) across 23 sports at more than 1000 institutions nationwide. 1 The NCAA's Injury Surveillance System injury data from the 1988-89 to 2003-04 seasons across 15 sports have been summarized, indicating that during this 15-year span, 72,316 injuries were reported during games (an average of 13.79 injuries per 1000 athlete exposures), and 109,160 injuries were reported during practice (an average of 3.98 injuries per 1000 athlete exposures). 2 Considering that an athlete must report the injury to medical staff and miss a practice or competition, and the medical staff must report the injury (via either paper or electronic form) to the Injury Surveillance System to be counted, these rates may be an underestimate of actual injury prevalence. Furthermore, it is logical to assume that many of the athletes with injuries required some degree of sport-injury rehabilitation to return to full function.
College athletes normally receive sport-injury rehabilitation services through their college or university's athletic training room, rather than a community-based sports medicine rehabilitation clinic (eg, physical therapy or physiotherapy). Rehabilitation adherence (eg, attendance, participation, exercise completion) is commonly accepted in sports medicine as a critical component for successful sport-injury rehabilitation outcomes. [3] [4] [5] [6] [7] [8] [9] [10] Poor rehabilitation adherence (eg, athlete working either too little or too much) may decrease overall rehabilitation outcomes (eg, functional ability, strength, range of motion) 11, 12 and increase the chance of reinjury. 3 Despite the ease of access for athletes to receive rehabilitation services, poor adherence is anecdotally reported as a common occurrence and recognized as a major problem affecting rehabilitation in the athletic training setting. 6 , 13 Byerly et al 14 reported that among 44 Division II college athletes, 63% were nonadherent in rehabilitation based on attendance and athletic trainers' ratings of athlete participation.
Outside the athletic training setting, sport-injury rehabilitation-adherence rates in community-based sports medicine rehabilitation settings (eg, physical therapy or physiotherapy clinics) range from 40% to 91%. 12 In one study, physiotherapists reported that 55% of patients were not fully adherent with prescribed home modalities, and 51% of these patients were not fully adherent with prescribed rest from activity. 9 Udry 10 found adherence rates for athletes receiving community-based sports medicine rehabilitation after anterior cruciate ligament reconstruction to be 79%, with highest adherence rates at the beginning of rehabilitation. Adherence rates below 100% pose a real problem in sport-injury rehabilitation in both athletic training and community-based sports medicine settings, and this research suggests that rehabilitation outcomes in these settings may be less than optimal.
Although the problem of poor adherence is widely recognized, the definition and measurement of rehabilitation adherence have been inconsistent. There is no clear conceptual model or definition of rehabilitation adherence, also termed compliance, 4 in the sports medicine or sport psychology literature. A widely accepted definition of adherence among practitioners who use exercise as rehabilitation is "an active, voluntary collaborative involvement of the patient in a mutually acceptable course of behavior to produce a desired preventative or therapeutic result." 15,p20 Adherence in general medicine and health has been defined as "the degree to which patient behaviors coincide with the recommendations of healthcare providers." 16,p188S In line with these definitions, adherence in the sport-injury rehabilitation setting involves athletes' demonstrating behaviors that coincide with the recommendations of their health-care provider, who, in the athletic training setting, is the athletic trainer.
Given the lack of a consistently agreed-on definition of rehabilitation adherence, it is not surprising that measurement is problematic. There is no "gold standard" by which to rate adherence. Researchers have yet to systematically identify the behaviors that constitute rehabilitation adherence. In the athletic training setting, researchers have measured adherence using both attendance and athletic trainers' ratings of athlete participation, rehabilitation completion, following instructions/ advice, and receptivity to changes in rehabilitation. 14, 17 In community-based sports medicine rehabilitation clinics, adherence has been measured in a variety of ways via patient self-report and practitioner report, including patients' attendance, exercise/rehabilitation completion, following instructions/advice, receptivity to changes in rehabilitation, and compliance with home-care instructions and activity restrictions. 5, 9, 11, 18, 19 To date, only 1 measure of rehabilitation adherence has been developed and published for use with sport injuries: the Sport Injury Rehabilitation Adherence Scale (SIRAS). 20 The SIRAS was developed specifically for use in a communitybased sports medicine rehabilitation clinic. Although it has been shown to have good psychometric properties, 20 it is arguably difficult to capture human behavior with 3 items. Because there is no gold-standard measure or agreed-on operational definition of rehabilitation adherence, it is also difficult to be sure that the SIRAS is really measuring adherence. In addition, rehabilitation in the college athletic training room may differ from rehabilitation at a community-based sports medicine rehabilitation clinic.
The current lack of a valid and reliable rehabilitation-adherence measurement tool specific to the athletic training setting is a noted hindrance in sport-injury rehabilitation-adherence research and clinical practice. 21 A measure of adherence behaviors for rehabilitation must not only be useful in practice but also be conceptually based and psychometrically sound. Identifying and measuring the behaviors of sport-injury rehabilitation adherence in a college athletic training setting is vital to the further understanding and investigation of the overall rehabilitation process (eg, biopsychosocial factors that influence rehabilitation adherence, potential interventions to enhance adherence) and successful outcomes (eg, range of motion, strength, functional ability, future injury, etc). For a measure of rehabilitation adherence to be valid and useful, it must include athlete behaviors that are easily interpretable and observable by college athletic trainers, and rehabilitation-adherence behaviors must be generally agreed on by college athletic trainers who observe those behaviors.
The long-term goal of this research is to develop a survey measure that adequately assesses behaviors of rehabilitation adherence in an athletic training setting. For this project, rehabilitation adherence is operationally defined as behaviors an athlete demonstrates by pursuing a course of action that coincides with the recommendations of the athletic trainer. Although measure development and evaluation is a lengthy process that requires multiple investigations to establish reliability and validity, the purpose of this project was to develop a measure of rehabilitation adherence for athletic training that includes indicators of adherence identified by athletic trainers who are currently practicing in the college athletic training setting and that reflects the operational definition of rehabilitation adherence. It is expected that these indicators will include, but not be limited to, attendance and exercise completion and that the resulting Rehabilitation Adherence Measure for Athletic Training (RAdMAT) will reflect the operational definition, have acceptable psychometric properties, and be relevant for use in an athletic training setting.
Methods
The current study included 3 steps in the development of the RAdMAT. First, an initial survey of certified athletic trainers provided data to generate items. Second, an expert panel reviewed the preliminary items and provided feedback pertaining to their content and clarity. Finally, in step 3, the preliminary measure was administered to a larger sample of certified athletic trainers to provide data for initial reliability and validity analyses.
Step 1: Item Generation
For the initial step of item generation, certified athletic trainers who were active in clinical practice completed an open-ended online survey to generate a list of rehabilitation-adherence behaviors.
Participants. The measure is intended for use by practitioners, and clinical relevance is of primary importance, so all participants were certified athletic trainers employed full-time to work with college athletes and were directly involved in conducting or supervising rehabilitation for college athletes in the United States. From a list of recommended potential participants, the investigator chose participants who were representative of college certified athletic trainers (ie, Division I, II, III, NAIA; male/female; sports coverage; area of the country). 22 Sixteen certified athletic trainers were contacted, and 7 completed the survey. After the 7 responses were analyzed we determined that saturation had been reached and further responses would likely yield no new information. The 7 participants (3 men, 4 women) who completed the step 1 initial survey came from across the country (ie, CA, FL, MS, TX, WI, WA) and represented all NCAA divisions, as well as NJCAA Division I. All participants were certified athletic trainers, had master's degrees, and had practiced athletic training in the college setting for an average of 11.3 years (range 4-30 y). Participants collectively had athletic training coverage responsibilities for nearly all sports and were directly involved in conducting or supervising rehabilitation for college athletes.
Measure. The step 1 survey included basic demographic information and provided participants with the definition of rehabilitation adherence used in this investigation: behaviors an athlete demonstrates by pursuing a course of action that coincides with the recommendations of the athletic trainer. The main items asked participants to define rehabilitation adherence, to list behaviors that indicate rehabilitation adherence and nonadherence, and to list anything else they use to determine whether an athlete is adherent or nonadherent. Participants were also asked to think about athletes they had worked with who had good and poor adherence and to list behaviors that indicated their good or poor adherence. Questions were open ended, and space was provided for participant comments.
Procedures. After obtaining institutional-review-board approval, the primary investigator contacted potential participants via e-mail with a letter explaining the purpose of the study and asking for their participation. The 7 athletic trainers who agreed to participate clicked on an online survey link embedded in the recruitment e-mail. Survey Monkey, an Internet-based survey tool, was used to administer surveys and collect responses. Participants were again provided with information on the purpose of the study, and informed consent was obtained before beginning the survey. Participants were asked to complete the survey within 1 week. After the 7 responses were analyzed it was determined that saturation (ie, the same responses continually appeared and no new responses were given) had been reached and further responses would likely yield no new information. Therefore, no additional participants were recruited.
Analysis. Responses were independently analyzed by the investigator and a second coder using methods described by Mason. 22 The investigator identified all key words and phrases to compile a list of adherence behaviors. From that list of behaviors, items that were similar or related were grouped into categories. The second coder (a doctoral student and certified athletic trainer) independently followed the same procedures. Discrepancies were resolved through discussion.
The list was then distributed back to participants via e-mail to check for accuracy and further additions. No further additions or revisions were made, and the draft version of the RAdMAT was created for expert review in step 2.
Step 2: Expert Review
The behaviors identified from step 1 were organized into a survey format and sent via e-mail to a different set of experts for input on item content, clarity, and format. Expert ratings were used to revise the draft measure and provide an initial assessment of content validity.
Participants. As in step 1, the investigator obtained recommendations from practicing certified athletic trainers working with college athletes and also included nonpracticing experts who had expertise in athletic training education, sport psychology, or rehabilitation research. Participants were considered experts if they had published multiple peer-reviewed articles in their respective fields.
Out of 18 potential participants contacted, 12 (6 men, 6 women) reviewed the draft measure. Three participants were faculty or researchers in sport psychology, 3 had dual appointments (ie, faculty and athletic training), and 6 were practicing athletic trainers. Ten participants were from the United States (GA, MA, MS, NC, OH, OR, UT, and WA), 1 was from the United Kingdom, and 1 was from Australia. The US participants represented all NCAA Divisions.
Measure. The instructions included the definition of rehabilitation adherence and a list of the 49 preliminary items (behaviors of adherence). The experts rated the content (Does the behavior accurately measure rehabilitation adherence?) and clarity (Is the item clear and understandable?) of each item on a 3-point scale (yes, maybe, no) and were allowed the opportunity to reword items or make additions or clarifications to better represent adherence.
Procedures. As in step 1, the investigator contacted experts via e-mail to explain the project and obtain informed consent. Experts completed demographic information, rated items for content and clarity, and were also asked for formatting suggestions. As in step 1, the survey was distributed and data were collected via Survey Monkey.
Analysis. Expert ratings and comments were compiled, and items that were not rated as having appropriate content or being clear by all experts were reviewed and revised or deleted based on the ratings and comments. The investigator reviewed the results and revisions with a second reviewer (a faculty member with experience in development of psychological measures). after agreement on all revisions, the 26 revised items were sent back to the experts, who were asked whether items needed further revision to verify accuracy and for additional comments. The preliminary 25-item RAdMAT was created from these final expert revisions.
Step 3: Athletic Trainer Survey
The preliminary 25-item RAdMAT was sent via e-mail to certified athletic trainers, who completed the measure based on athletes they had worked with in rehabilitation over the past year. Specifically, participants were asked to rate the most adherent, least adherent, and a typical athlete they had worked with.
Participants. Eligible participants included 1000 certified athletic trainers who were members of the National Athletic Trainers' Association (NATA) and had given the NATA permission to be contacted via e-mail by the NATA national office. Participants' member type was either "regular certified" or "student certified," and they were self-identified as working in a college or junior college in the United States.
Of the 1000 e-mails that were sent from the NATA national office, at least 46 e-mails were not delivered. Of the remaining 954 valid emails, 198 potential participants started the online survey, and 164 of those completed the survey for the most adherent athlete. Among the 164 participants (79 men, 85 women), 45 were head athletic trainers, 81 were assistant athletic trainers, 18 were athletic trainers, 5 were directors of athletic training education programs, 1 was a clinical coordinator of an athletic training education program, 13 were faculty, and 1 did not report a job title. Participants had been certified for an average of 10.4 years (range 1-38 y) and had worked in the college setting for an average of 9.3 years (range 1-41 y). All NCAA athletics divisions, as well as NJCAA and club sports, were represented. All NCAA sports were represented, as well as rugby, crew, cheerleading, dance, equestrian, rodeo, squash, judo, badminton, synchronized swimming, and skating.
Measures. After providing demographic information participants completed the preliminary 25-item RAdMAT that was developed through steps 1 and 2. Instructions included the definition of rehabilitation adherence, and then participants were asked to consider 3 athletes (most adherent, least adherent, average) with whom they had worked and who had completed rehabilitation in the past year. Respondents rated each of those 3 athletes using the preliminary RAdMAT; each item was rated on a 4-point scale (1 = never, 4 = always). Possible scores ranged from 25 to 100, with higher scores indicating greater adherence.
In addition to the RAdMAT, the SIRAS was also administered. The SIRAS consists of 3 items that ask the athletic trainer to rate athletes on their intensity of rehabilitation completion, frequency of following practitioner instructions and advice, and receptivity to changes in rehabilitation on a 5-point scale. The 3 items are summed to obtain a total SIRAS score that ranges from 3 to 15, with higher scores indicating greater adherence.
Procedures. The investigator contacted the NATA and received permission to use the member-contact service to collect data. NATA members were contacted through this NATA service and were provided a cover letter (as per NATA contact-list-use agreement) providing a brief overview of the purpose of the study and a link to the survey. E-mails were sent by the NATA national office to a random sample of 1000 participants who met the participation criteria. Participants were provided with information on the purpose of the study, and informed consent was obtained before they began the survey. On the survey, participants were asked to complete the RAdMAT and the SIRAS 3 times; that is, they were asked to rate 3 different athletes' rehabilitation adherence (most adherent athlete, least adherent athlete, average adherent athlete that had completed rehabilitation in the last year) using both measures. Athlete order (most adherent and least adherent) was counterbalanced so that half the participants rated their most adherent first and the other half rated their least adherent first. Survey Monkey was used to distribute surveys and collect responses. A followup message was sent 2 weeks after the initial e-mail from the national office in an attempt to get additional responses.
Analyses. SPSS version 16 was the statistical package used for analyses. Descriptives, internal consistency reliability analyses, multivariate analysis of variance (MANOVA), analysis of variance (ANOVA) and exploratory factor analyses were conducted. For this investigation there were 164 participants and 25 initial items, a ratio of 6.56:1 participants to items. Although this small number of participants may limit exploratory factor analyses, Costello and Osborne 23 suggest that this ratio is acceptable.
Results

Step 1: Item Generation
In the first step of item generation, the investigator classified responses into 3 general categories: presence (attendance, etc), active participation (follows instructions, etc) and positive attitude (gives 100% effort, etc), and the second coder independently classified them into 7 categories: attendance, timeliness, effort, attitude, personal attributes/motivation, communication, and restrictions/instructions (follows prescribed plan, etc). The investigator and second coder then reviewed the results and reached agreement on combined and ignored items, which resulted in 3 broad categories with 10 subcategories. A list of adherence behaviors, including all categories identified and agreed on by both coders, was redistributed to participants for an accuracy check. No further modifications were made, and the 49-item draft version of the RAdMAT was created (Appendix 1).
Step 2: Expert Review
Based on the ratings and review of the 49 items, 23 items were deleted because they were not consistently rated as clear and accurate or were repetitious of better items. From the remaining items, 14 were revised based on experts' comments, which resulted in 26 items.
Three additional revisions were made based on the review of the modified items: Question 5 (2 on preliminary measure) was changed from shows up to arrives, question 27 (12) added communicates with athletic trainer, and in question 31 (15) has a positive outlook was deleted. This resulted in the 25-item preliminary RAdMAT (Appendix 2), which consists of 3 categories and 10 subcategories as described in step 1, with 2 items related to attendance (items 1 and 2), 12 items related to active participation (items [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , and 11 items related to positive attitude/ effort (items 15-25).
Step 3: Athletic Trainer Survey Internal Consistency. Internal consistency analyses were run for the RAdMAT and SIRAS for the most-, least-, and average-adherent data using the raw data. The 25-item RAdMAT demonstrated high internal consistency for the most-, average-, and least-adherent-athlete data (Cronbach's α = .927, .944, and .926, respectively). The 3-item SIRAS demonstrated moderate internal consistency for the most-, average-, and least-adherent-athlete data (Cronbach's α = .591, .861, .771, respectively).
Item Discrimination: Comparisons of Most-, Least-, and Average-AdherentAthlete Data. Total scores for the RAdMAT (25 item) and SIRAS were calculated for the most adherent, least adherent, and average adherent athlete. Missing items for the RAdMAT were replaced with the series mean if no more than 2 items were missing on a scale, so scale totals were calculated on 164 participants for the most-adherent-athlete data, 159 participants for the least-adherent-athlete data, and 145 participants for the average-adherent-athlete data. Means for all scale items and totals fell as expected; the most-adherent-athlete data had the highest means, the least-adherent-athlete data had the lowest means, and the averageadherent-athlete data fell between the 2.
Within-subject MANOVAs were conducted to compare the 3 athlete groups (ie, most-, least-, and average-adherent athletes) on the RAdMAT items to determine whether all individual items adequately discriminate among adherence levels. Separate within-subject ANOVAs were conducted for each of the RAdMAT items to examine item discrimination. All RAdMAT items significantly discriminated among the 3 adherence levels; the univariate F value for the adherence effect was statistically significant (P < .001) for all 25 items, with all F values over 87. In addition, follow-up simple contrasts revealed that all 3 levels differed significantly (P < .001) for each item, with all F values over 55. The univariate F value for the adherence effect was also statistically significant (P < .001) for the 3 SIRAS items.
Factor Structure of the RAdMAT. Principal-component factor analyses with varimax rotation were used to explore the factor structure of the most-adherentathlete raw data. First, the factor analysis was allowed to run with unlimited factors, which yielded a 6-factor solution. Based on the scree plot and percentage of variance explained, either a 2-factor or a 3-factor solution seemed to best fit the data and also fit with the conceptual model of steps 1 and 2. Factor 1 in the 6-factor solution includes attendance and several of the attitude/effort items, and factor 2 includes attendance and several participation items. Factors 3 and 4 include a few items related to attitude and communication. The 3 items loading on factor 5 (completes exercises correctly, reports pain, and works well on own) do not reflect a particular category, do not load on any other stronger factors, and, as a result, may not be necessary. The 2 items related to home-based exercise loaded on factor 6, which accounted for little variance. Furthermore, home-based exercise is not easily observed or evaluated by athletic trainers, so these items have limited clinical use. In addition, items that did not load over .50 on any factor do not seem to add any useful information.
Additional results of factor analyses with forced 3-factor, 2-factor, and 1-factor solutions were similar to those of the 6-factor solution, suggesting 3 factors, with items suggested as being dropped with the 6-factor solution still not providing additional information. Thus, those items (5, 7, 8, 9, 10, 14, 17, 23, and 24) were dropped and the remaining 16 items run in a factor analysis, which resulted in a 3-factor solution that explains 57.93% of the variance and seems to be the best fit. Factor 1 contains attitude/effort items (15, 16, 18-22, and 25), factor 2 contains attendance/participation items (1-4 and 6), and factor 3 contains communication items (11-13; Table 1 ). A forced 1-factor solution showed that all items strongly loaded on a single factor. The suggested 3-factor and 1-factor solutions also fit well for the least-and average-adherent-athlete data.
Based on results of the current study, the suggested 16-item RAdMAT (Appendix 3) has 3 subscales (attendance/participation, communication, and attitude/effort) and could also be used as a single factor representative of adherence.
Internal consistencies for the most-, average-, and least-adherent-athlete data for the subscales and total are acceptable ( Table 2) . Correlational analyses revealed significant, positive, and strong relationships between the 16-item RAdMAT total and SIRAS total. Relationships between the RAdMAT subscales and SIRAS total were also all significant, positive, and strong (Table 3) . 
Comparisons of Totals and Subscales for Most-, Least-, and Average-Adherent-
Athlete Data. Within-subject MANOVAs comparing the total scores for the most-, least-, and average-adherent-athlete data discriminate among adherence levels: F 2,163 = 614.77, P < .001, η 2 = .790. Follow-up simple contrasts comparing level 1 (most) versus 3 (average) and 2 (least) versus 3 (average) showed that all 3 levels differed significantly from each other: F 2,163 = 173.72, P < .001, η 2 = .516, and F 2,163 = 392.18, P < .001, η 2 = .755, respectively. Furthermore, within-subject MANOVAs comparing the 3 subscale scores for the most-, least-, and average-adherent-athlete data also discriminate among adherence levels: multivariate F 6,158 = 211.19, P < .001, η 2 = .889. Univariate tests were significant for all 3 subscales: attendance, F 2,326 = 645.73, P < .001, η 2 = .798; communication, F 2,326 = 299.07, P < .001, η 2 = .647; and attitude, F 2,326 = 395.22, P < .001, η 2 = .708. Follow-up simple contrasts also showed that all 3 levels differed significantly from each other. For the attendance/participation subscale, contrasts comparing level 1 (most) versus 3 (average) and 2 (least) versus 3 (average) revealed strong effects: F 1,163 = 370.75, P < .001, η 2 = .695, and F 1,163 = 392.18, P < .001, η MANOVA comparing the 3 SIRAS scores also revealed significant differences across adherence levels, F 2,328 = 23.10, P < .001, η 2 = .124, and the contrasts comparing levels 1 versus 3, F 1,164 = 45.32, P < .001, η 2 = .217, and 2 versus 3, F 1,164 = 9.09. P < .003, η 2 = .053, were statistically significant. However, as the eta-square values indicate, differences on the SIRAS scores were not as strong as differences on the RAdMAT scores.
Relationships between adherence level and the 16-item RAdMAT total and subscales were all positive, significant, and moderately strong (r ≥ .704, P < .01).
Discussion
The purpose of this project was to identify indicators that reflect the operational definition of rehabilitation adherence (behaviors an athlete demonstrates by pursuing a course of action that coincides with the recommendations of the athletic trainer) and are relevant to a college athletic training setting and to develop a rehabilitation adherence measure for athletic training (RAdMAT) based on these indicators.
As demonstrated with the results of step 1, athletic trainers identified behaviors that were generally consistent with previous literature on rehabilitation adherence, with items relating to attendance, following instructions, and completing exercises. 5, 9, [18] [19] [20] 24 The current investigation is unique, however, in capturing these behaviors in an athletic training setting. Because of this, several responses were novel and add to our understanding of rehabilitation-adherence behaviors in the athletic training setting.
Novel responses include timeliness (ie, punctual to rehabilitation sessions) and communication. Previous studies used attendance as a measure of rehabilitation adherence 5, 10, 14, 19, 20, 24 but did not include timeliness. As is demonstrated in all steps of this project, athletic trainers consider timeliness an important behavior in judging rehabilitation adherence, and timeliness is clearly different from attendance. Two previous studies addressed communication in the athletic training room as an important factor for rehabilitation adherence, 6, 25 but the literature does not identify communication as a rehabilitation-adherence behavior.
From these sample responses, it is clear that athletic trainers likely use other cues (eg, athlete personality, behaviors occurring outside of the athletic training room, etc) to judge adherence. It is important to keep this in mind when interpreting the scores of the RAdMAT or any measure of adherence. To address this, a measure of adherence should include rehabilitation-adherence behaviors that are easily observable in the athletic training setting; the RAdMAT meets this standard.
The preliminary 25-item RAdMAT fit the conceptual model and reflected the behaviors identified in steps 1 and 2. It also demonstrated good internal consistency and discriminated among varying levels of adherence. However, several items were redundant, and factor analyses provided an improved 16-item version.
Both a 3-factor solution and a 1-factor solution fit the final items for the most-, average-, and least-adherent-athlete data, suggesting that the RAdMAT may be used with 3 subscales (attendance/participation, communication, and attitude/ effort), as well as with a total score. The final 16-item RAdMAT includes 5 attendance/participation items, 3 communication items, and 8 attitude/effort items. Internal consistencies for these subscales and the totals for the most-, average-, and least-adherent-athlete data are all high (Cronbach's α > .748), indicating that items contribute to the subscale and the total. as demonstrated with MANOVA and follow-up contrasts, each subscale clearly differentiates between the most, average, and least adherent athlete, indicating that both the subscales and totals may be used in future research to differentiate adherence levels. Although further analyses may refine the items and measure, internal consistencies and item discrimination are acceptable for the 16-item RAdMAT.
We expected the RAdMAT to be as psychometrically sound as and more relevant to an athletic training setting than the 3-item SIRAS that was developed for use in the community-based sports medicine setting. The results of this investigation suggest that it is at least as psychometrically sound as the SIRAS, and both the RAdMAT and SIRAS total scores significantly differentiate adherence groups. The RAdMAT appears to have a slight advantage over the SIRAS in detecting between-groups differences in adherence levels. The RAdMAT, with 3 subscales (attendance/participation, communication, and attitude/effort), can be used to examine relationships of these 3 factors to rehabilitation-adherence antecedents and outcomes. Although previous literature has endorsed the SIRAS as valid and reliable in the community-based sports medicine setting and appropriate for measuring athletes' adherence in a specific rehabilitation session, results from the current investigation suggest that the RAdMAT may be more appropriate for measuring athletes' adherence behaviors across sessions during rehabilitation in the athletic training setting.
Given the high correlation between the total scores on the RAdMAT and SIRAS (r = .898, P < .01), the 3-item SIRAS may be preferred as a quick, singlesession measure or for repeated assessments over several sessions. However, the 3 subscales of the RAdMAT are a distinct advantage with only a slightly longer measure. For example, an athlete may attend all of his or her rehabilitation sessions in a timely manner and complete all required exercises but may display poor effort, thus decreasing the effectiveness of the exercises. The RAdMAT could identify that profile, and the athlete's effort could be the focus of an intervention to increase overall rehabilitation adherence.
Strengths and Limitations
The use of certified athletic trainers who were currently practicing in the college setting to generate items is a strength because the measure is intended for use by practitioners and clinical usefulness is of primary importance. This sets the RAdMAT apart from the SIRAS and helps ensure that the RAdMAT is reflective of adherence behaviors specific to the athletic training setting and is relevant to athletic trainers.
Although every attempt was made to ensure that the sample in step 1 for item generation was representative (university division, area of the country, etc), this small selective sample may limit generalizability. Collected responses were independently analyzed by the investigator and a second coder. The use of a second coder and participant check confirms the accuracy of the compiled adherence behaviors and supports the content validity of the items on the RAdMAT measure. The RAdMAT covers a broader array of adherence behaviors than the SIRAS. The clinical and research experts further supported the content validity of the measure items.
The participant response rate was low in step 3. It is unknown how many potential participants actually received the recruiting e-mail, and several factors may have contributed to this low rate. Potential participants may not have received the group message from NATA because their e-mail servers may have filtered the recruiting e-mail as spam. Potential participants were asked to complete the online survey within 2 weeks at the end of June, when potential participants may not be checking their e-mail. Despite the low response rate, participants represented all NCAA athletics divisions, as well as NJCAA and club sports, and all NCAA sports, as well as several other activities.
Data from the sample of athletic trainers provided good support for the internal consistency of the measure and its ability to discriminate among adherence levels. However, knowing the outcome of rehabilitation in this retrospective study design may have altered the athletic trainers' perception of rehabilitation behaviors. The use of recall cases is a limitation, but the measure discriminated among these recalled cases, providing initial validity evidence that can be further tested with actual cases in prospective designs.
Future Research With the RAdMAT
Follow-up investigations should continue to examine the factor structure and psychometric properties of the RAdMAT. First, a follow-up investigation similar to step 3 might be conducted with a larger sample to further examine the psychometric properties of the RAdMAT. Although the current sample was sufficient for development of the preliminary measure, larger samples are needed to confirm the factor structure and internal consistency of the scale and subscales, as well as correlations with SIRAS and ability to discriminate among adherence levels. To improve on the retrospective design, athletic trainers could complete the RAdMAT, SIRAS, and a separate overall adherence rating for athletes during their rehabilitation using a prospective design. Adherence might be measured repeatedly (ie, weekly) during rehabilitation until the athlete is fully cleared to return to play. Repeated measures and completion by multiple raters could be used to establish test-retest and interrater reliability of the RAdMAT.
Although the measure was developed specifically for use in an athletic training setting, the individual items on the measure are not context specific. Items are specific to rehabilitation behavior, regardless of whether it occurs in an athletic training setting. Therefore, the RAdMAT may also be a useful clinical and research tool in a variety of rehabilitation settings other than athletic training. Future research may investigate the use of the RAdMAT in sport-injury rehabilitation settings other than athletic training.
Currently, there is no empirical evidence that supports the mediation role of adherence between rehabilitation antecedents and outcomes. Based on the results of this study, the RAdMAT has sufficient reliability and validity to justify its use in research examining these predictors and outcomes of rehabilitation adherence. Although the SIRAS may be a valid measure of rehabilitation adherence, the subscales of the RAdMAT provide more information regarding adherence behaviors. For example, the RAdMAT may be useful in examining relationships in the Brewer et al 11 model of hypothesized relationships among psychological factors, rehabilitation adherence, and rehabilitation outcome that are widely assumed but seldom tested. Further studies will likely move beyond examining relationships to investigate strategies and interventions aimed at improving outcomes (eg, functional ability, quality of life, etc).
Conclusions
Previous literature shows that adherence is a problem and suggests that poor adherence affects rehabilitation in the athletic training setting. 13, 14 The current lack of a valid and reliable rehabilitation-adherence measurement tool specific to the athletic training setting is a noted hindrance in sport-injury rehabilitationadherence research and clinical practice. 21 Identifying and measuring sport-injury rehabilitation-adherence behaviors in a college athletic training setting is vital to the further understanding and investigation of the overall rehabilitation process (eg, biopsychosocial factors that influence rehabilitation adherence, potential interventions to enhance adherence) and successful outcomes (eg, range of motion, strength, functional ability, future injury).Although there is no gold standard for adherence measures, the current results indicate that the RAdMAT is at least as good as the SIRAS for measuring rehabilitation-adherence behaviors in the athletic training setting. The RAdMAT has the advantage of including subscales that assess more than simply attending rehabilitation and completing the recommended exercises. These subscales may be useful for guiding practice and interventions to enhance sport-injury rehabilitation adherence. The RAdMAT differentiates between the most, least, and average adherent athletes, providing evidence for its validity. Furthermore, total scores and subscales for the most, least, and average adherent athletes were significantly related to the SIRAS, which has been found to be a reliable measure of adherence in the community-based sports medicine setting. Both the SIRAS and RAdMAT discriminated among the most-, least-, and average-adherent-athlete cases, but the RAdMAT was slightly better at group discrimination, as indicated by larger eta-square values. Additional testing of both measures is needed to determine whether one is more appropriate than the other for the athletic training setting.
In conclusion, the RAdMAT was based on a clear definition, focused on behaviors, and underwent multiple revisions and reviews by coders, as well as field experts. The development steps involved having practicing athletic trainers identify and confirm relevant adherence behaviors. Thus, the RAdMAT has both a conceptual base and a base in clinical athletic training practice, making it particularly relevant to and appropriate for athletic training settings. With only 16 items in a simple format, the RAdMAT is also relatively easy to use, whether by athletic trainers in clinical practice or for research purposes.
